A Langmuir film balance study of the interactions of ionic and polar solutes with glycolipid monolayers.
Using a Langmuir film balance experiments have been conducted to discover if dissolved salts or carbohydrates interact with glycolipid monolayers. Two types of glycolipid were studied, simple glycosides made by ether linking monosaccharides to fatty alcohols and cerebrosides extracted from natural sources. It was found that salts or carbohydrates in the subphase expanded glycolipid monolayers. That is, a monolayer spread on a solution occupied a greater area at a given pressure than it would have spread on pure water. Of the carbohydrates galactose and glucose, galactose caused a markedly greater expansion of monolayers than glucose. However, the magnitude of the expansions measured for stearyl glucoside, mannoside and galactoside films on solutions of a particular sugar were not significantly different, demonstrating that this phenomenon is independent of the glycolipid sugar residue. As with carbohydrates, salts also have differing effects on glycolipid monolayers. Although the effect an individual ion has on a monolayer cannot be directly measured, comparisons between salts indicate that there is a correlation between the size of an ion and the extent of the monolayer expansion it causes. To explain these observations two different mechanisms are proposed. In the case of salts it is suggested that large ions which have a low charge density disrupt water structure in such a way that monolayers spread on the surface of their solutions are expanded. The ability of carbohydrates to expand monolayers is explained in terms of the carbohydrate replacing water molecules bound to the polar groups of the monolayer and in so doing increasing the effective area of the lipid molecules. It is suggested that the molecular mechanisms involved in the interactions of ions and carbohydrates with glycolipid monolayers may also operate in the interactions of glycolipids and glycoproteins with extracellular agents and surfaces.